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YJIK 549.612:553.652(497.11-11) OpHr nHajiHH HayMHH pajj

AJIKAJIHO-JEOHUHTAH TYPMAJIHH H3  
^HCTEH CK O -K ()PyH JlC K O r UIKPHJLU.A JIOKAJIHOCTH 

BOBOJIOUI -  B P3A  nAJIAHKA (HCTOHHA CPBHJA)

ojj

C y 3 aHe E pnh* , MHxoBHJia J lo rap a *  h f la n n j ia  B a 6 H’ia*

TypMajiHH H3 nHCTeHCKO -  KopyHjjcKor uiKpHJbija jioKaJiHocTH B oSojiom  npHnajia pet>oj bpcth  ajiKajiHo 
jietjjHUHTHor TypMaJiHHa ca KpncTaJioxeMHjcKOM cfiopMyjioM:

( ^ ao.o9̂ o.o2̂ -'**0.17̂ 0.72)0̂ 8(^^0.99̂ 81.3 ^ e o.o2̂ e o.dsTio.isMrio 01)3A l6(BO3)3(Si5 05A10 ?7)6Oig(OH)4!: 
h jiHMeH3HjaMa e.neMeHTapHe hejiHje: ac=  15.961 (3) A, cc= 7 .166  (2) A, V 0=  1572.3221 (3) A\

r io  oflHocy A l-Fe-M g h  C a-Fe-M g (H enry  an d  G u id o tt i ,  1985) TypMajiHHa Kao neTporeHeTCKor 
HHHHKaTopa, acoiiHjaqHja HHCTeH + TypMaJiHH + KopyH« + pyTHJi + cepnqHT + xJiopHT + ra a p i;  tfiopMHpaHa je 
MeTaM0pt})030M neJiHTa 6oraTHX aJiyMHHHjyMOM.

KjbyMee peiH : T y p M a jiH H , aJ iK aJ iH O -fle (} )H iiH T aH , Bo6ojiom, CpSnja.

Y B O a

y JIHCTCHCKO -  KOpVH/ICKOM IIIKpllJBHV JIOKaJIHOCTH B060JI0LU KOJI B p 3 e  I I a jia ilK C  
n o p c j i  jjH C T eH a, K o p v n j i a  h  p y T H J ia  y T B p ^ e H  j e  h  T y p M ajiH H .

O  T y p M a jii iH y  nocToje p e jiaT H B H O  p e T K H  nojiami, n a p o 'i i iT O  o  xeM H 3M y h  b c j ih ' ih iih  

e J ie M e H T a p H e  h e j i n j e .  BehHHa p ac n o jio > K H B H x  i io j ja T a K a  o jih o c h  c e  H a  T y p M a jiH H e  B e 3 a H e  

3a rp aH H T O H jiH e  M a c iiB e  h  n e rM a T H T e . Joni y p o m e B H h  (1900) n o M H ite  rry p M a jiH H  H3 
OKOjiHHe B paita , 3aTHM (1908) TypMajiHHe y MerraMoprf)HTHMa Fo6ejbe, CyBor PyjiHinTa, 
CyBe Pyjie h  c e j i a  Bohe, aJiH 6 e 3  jie T a ji> iu ix  aH a J iH 3 a .

T y p M a jiH H  j e  K OHCTaTOBaH y  c b h m  H arnH M  n e rM a T H T H M a . y  j io K 'ro p c K o j  j i n c c p T a -  

u,H jn N i k o l i ć  (1963) c n e K T p o x e M H jc K H  j e  a H a J iH 3 H p a o  CBe T y p M a jiH H e  H3 n e rM a T H T a  H a 

T e p H T o p n jH  6 H B in e  J y r o c j i a B H j e  h  p eH jire H C K H  a H a jiH 3 H p a o  T y p M ajiH H  H3 n e j i a r o H H j e  
( n e r M a T H T H  ,n,peH O B ii;a h  B a 6 y H e ) .

f l a H T H h  h  j i p .  (1994) n a  0C H 0 B y  n a p a M e T a p a  K p H C T a jm e  p e m e T K e ,  npeKo j i n j a r p a -  

M a Epprecht-a, o j j p e l j v j v  T y p M a jiH H e  T o J iH jc K e  p e K e  K a o  jip a B H T C K O -m e p jiH T C K e , a T y p -  
M ajiH H e P a j ( y j io B n a  K a o  jip a B H T e .

Ll,HJb 0 B 0 r  p a j i a  j e  M H H e p a j io n iK a  j i e T e p M i i i i a n n ja  T y p M a jiH H a  H3 jiH C TeH C K O -K O - 
pvnjicKor iiiKpiiJBna JioKajiHocTH Eo6ojioiii.

* PyflapcKO-reojiouiKH t}>aKyjiTeT, 'ByuiHHa 7 ,1 1 0 0 0  Beorpafl.



rEOFPAOCKH IIO.IIOiKAJ H rEO.HOUIKE 
KAPAKTEPHCrHKE OKOJIHHX CTEHA

KopvnflCKO-HHCTeHCKH u i K p n j b a H  ca TypMajniHOM Hajia3H ce Ha f)p/iy B o 6 o j i o i i i  

H 3 i i a j j  YpoBiiue H a  nonpy’ijy J5yHaBCKor K J b y H a ,  o k o  20 km 3ana^HO on Bpse HajiaiiKe 
( c j i . 1, npeMa I l i ću ,  1992).

Cji. 1. YnpomheHa reauouiKa KapTa um per nojipyqja BoSoJioma.
J l e r e H a a  1. p e H H a  T e p a c a  H p e H H o - je 3 e p c K H  cenH M eH TH , 2 . MHOijeHCKH ceflHM eHTH: HUbyHKOBH, necK O B H , k o h -  
rjioMepaTH. rjiHHe, Kpemtaioi, 3. KpejiHH ceflHM eHTH: K p e H H .a ip ,  J ia n o p ip i ,  rjnn iji n i i e i i n i a p n .  4. x j io p h t c k o -  

-cepH IIH T C K H  H aKTHHOJlHTCKH U IK pH JtH H , 5. K B apU H e *HIle, 6 . r p a H H T -r a a jc e B H .  7. aM(j3H6oJIHTH, 8 . npoTepo- 
30jcK H  T H ajceB H  H MHKaiUHCTH. 9 . MHKaiUHCTH 

Fig. 1. Simplified g e o l o g i c a l  map o f  v v id e r  a r e a  o f  Bobološ.
Legend 1. Holocene in general, 2. Miocene sediments: gravels, sands, konglomerates, clays and li- 
mestones, 3. Cretaceous sediments: limestones, marls, claystones and sandstones, 4. Chlorite-sericite 
schists. 5. Quartzites, 6. Granites-gneisses, 7. Amphibolites, 8. Proterozoic gneisses and mica schists, 
9. Mica schists

y  C T p y K T y p H O M  C M H C j iy  n o / i p v ' i j e  c a  n o j a B a M a  j h i c 'I ’c i i c k o  -  K o p y i i ; ( c K o r  n i K p i u b n a  

i i p n i i a / i a  F e T C K o j  n a i i J i a u i i ,  K o j a  c e  y  n n j i v  T p a K e  j i y r e  oko 40 k n i  h  mnpoKe 3-8 k m ,  o j i  

T e K H j e  iipv>Ka Ha j y r .  H  iip a^en a  j e  o ; i  npoTepo3ojcKHx M C T a M o p c j i n T a  -  rnajceBa, M H K a -  

uiHCTa h aMcfjHfiojinTa ( y  K o j H M a  c e  H a  i i o j ( p y Ti j y  B o 6 o j i o m a  j a i u b a  nncTeHCKO-KopvHjiCKii 
i i i K p i u h a i i  c a  T y p M a j i H H O M ) ,  n a J i e o 3 o j c K H X  r p a H H T a ,  c e p n e H T H H H T a ,  3ejieHHX i i i K p i u h a u a  h 
c e n H M e H a T a  c p e j i i h e  h  r o p i h e  jype. O B a j  K O M iu i e K C  C T e H a ,  n p e M a  B o g d a n o v i ć u  i R a k i ć u  

(1980), i i a B V ' i e i i  j e  npeKo a y T o x rr o H o r  n a j i e o s o H K a ,  x e p H H H C K i i x  r p a i i H T a ,  j y p c K i r x  h K p c ; i i m x  

c e j i H M e H a T a  h  B y j i K a H H T a  3 a  B p e M e  j i a p a M H j c K e  c j i a ^ e  y 6 H p a i t a ,  a  H a c T a o  j e  p a c e j i a i h e M  h  

e p o 3 H j o M  i i p b o 6 h t h o  jejiHHCTBeiic m a p H j a i i i K e  i i J i o ' i e .



MHHFPAJIHA ACOHHJAHHJA

J^HCTeHCKO—K o p y H jjc K ii m K p H Jfca ij j e  C H B O -n jia B e  6 o j e ,  K p y n H 0 3 p H e  h  n o p c |)H p o -  

S jia c T H H H e  c T p y K T y p e ,  c a  ja c H O  y o n jtH B H M  n c n p e n j ie T a H H M  iip iisM a 'n iM H H M  a r p e r a T H M a  

C B e T J io -n J ia B o r  jjH C T eH a, c i ib h m  n a p r a j a M a  K o p y H ^ a  h  m p k h m  n p iB M aT H H H H M  3pH H M a 

T y p M a jiH H a , K o jH  o 6 p a 3 y j y  a r p e r a T e  l i e j i i i ' i i i n e  j to  4 x 3  c m .

r i o p e f l  o b h x  M H H e p a J ia  npncyTHa j e  h  H e3 H 3 T H a  KOJiHHHHa K B a p i^ a , c e K y i m a p n o r  

x j io p H T a  h  cepH U |H T a h  a K u e c o p i i n  pyT H JI.

j^HCTCH j e  flO M H H aH T an M H H ep aJi h  ja B J b a  c e  y  e y e n p a j iH H M  j(o  c y 6 e flp a jiH H M  3 p iiH M a 

B e jiH 'iH iie  f lo  1 .5 x 1 .2  c m  h  y  a c o u ,H ja ip i jH  c a  K0 p y H jj0 M r p a j m  K p y n H 0 3 p H y  0 CH0 B y C T eH e. 

nojeflim a 3pna oboi’ MHHepajia cy cepnii;HTHcaHa.
Kopvim j e  k o j i h ' i h h c k h  i i o / i p e l ) c i i  M H H e p a ji y  H cnH TH B aH O M  / je j iv  C T eH e ( i io i i h h c k i i  

f l e o  ^H CTeH CK O —K o p y H jjc K o r  u iK p H Jb u ;a ) , a  ja B J b a  c e  y  H enpaB H JiH H M , n c e y n o j ia M e jia p H H M  

3 p m iM a  B eJiH H H iie  n o  7  m m .

METOJJE HCnHTHBAH»A

H c n iiT H B a H ii  T y p M ajiH H  j e  py > iH o  H 3 flB o jeH  h  n p e H i im h e H ,  i i p n  H eM y j e  f lo 6 n je H  m o -  
H O M H H epaJIH II K O H H C H TpaT Ca H e3H 3TH H M  KOJIIIHHHaM a jaK O  CHTHHX y K JIO n aK a  flH C TeH a 
K o je  j e  6 h j i o  H e M o r y h e  o /ic - ip a iiH T H .

McTpa>KHBaH>a cy o 6 y x B a T H Jia  onTHHKa n p o y TiaB aiba, peH^reHCKy jjHcf>paKHHOHy 
a H a jiH 3 y  n o jipeji6y xeMHjcKor c a c T a B a  TypMajiHHa.

Y  p e i i j i r c n c K o j  aH aJiH 3H  K o p H in h e H  j e  m c t o j i  j in f f ip a K m i je  n p a x a .  P a ije H O  j e  n a  j in r |i -  

p a K T O M e T p y  M a p K e  P h i l i p s ,  T H n  P W  1 0 5 0 . Y i i 0 T p e 6 jb e H 0 j e  N i  (J)H JiT p0 B aH 0 3p a n e i b e  c a  

a i r n i K a T o j i e  6aKpa T a j ia c H e  jiy>KHHe X CuK(/= l  ,5 4 1 7 8  A. A h o j i h o  o n T e p e h e i b e  j e  h s h o c h j i o  

U = 3 8 k V  ii  I = 1 8 m A .  B p 3 H H a  K p e T a ib a  6 p o j a ' i a  j e  H3HOCHJia V g  =  1° 2  0/min.
3 a  a H a j iH 3 i ip a ib e  x e M H jc K o r  cacTaBa n p iiM e ib e H H  c y  n o c T y n i iH  K J ia c i r iH e  x e M H jcK e  

a H a jiH 3e .  M a K p o  e n e M e H T H  c y  o n p e l) e H H  rp a B H M e T p H jc K H  ( S i 0 2, A 120 3, C a O .  M g O ) ,  k o -  

J io p iiM e T p ii jc K H  ( F e 20 3, T i 0 2, M n O ) ,  11j i a M e h o o t o m e rr p n j c k h  ( N a 20 .  K 20 ) ,  B o n y M e T - 

p n jc K H  ( F e O )  i i  j i e c i ’i i J ia n n jo M  ( B 20 3)

M iiK p o e jie M e H T ii  c y  o jip e } )e n i i  cneKTpoxeMHjcKOM aH ajiH 3 0 M  Ha cneK'iporpac[iy BejiH K e 

jIH c n e p 3H je T H n a  H i lg e r  E  -  4 7 8  y  o 6 j i a c n i  c i ie K 'ip a  2 7 0 0 - 5 0 0 0  A, K a o  h  c n e K 'ip o r p a r f iv  

S T E - 1  y  o 6 j ia c - n i  c n e K T p a  6 0 0 0 - 9 0 0 0  A. C a r o p e B a i b e  y 3o p a K a  je  o 6 aB JbeH O  y  je jiH o c M e p iio v i 

Jiy icy  n p H  j a ' i n i i n  c T p y je  o ji  8 A .  K a o  V H V 'ip a iim .n  c T a n j ia p j i  K o p H m h e H ii  c y  rep M aH H jy M  h  

iia j ia j in jv M . A n c o j iy T H a  r p e u iK a  o jip e f )H B a ii,a  M H K p o e jieM eH a T a  H3HOCH ± 1 5 - 2 0 % .

PE3y.IITATH HCnHTHBAU»A

Typivia.iHH ce jaBJba y cy6ejjpajiiiHM spHHMa, BejiH'rime 0.8x0.6 cm, Koja cy necTO 
Hcnyu;aJia, a MHKponpcjiHHe 3anyH>eHe ceKyHjiapHHM MHHepajiHMa -  cepiiu,HTOM, xjio- 
pHTOM ii KitapnoM. y TypMajiHHy ce Mory vo'iirrH vkjioiihii jiHCTeHa (cepnnnTiicaHor y 
oO ojIH H M  JiejIOBIIMa), Kao II MHOmTBO CHTHHX 3pHa pyTHJia. y KJIOnilH JlHCTeHa cy BeJIH- 

'niiie h jio 2x1 mm, jjok cy yKJionmi p y T H Jia  3HaTHO cirrHiijii h H e npejia3e 0,4 mm y  

npeHHHKy. H a hckhm 3pHHMa TypMajiHHa ce vo'iaBa 30HapaH0CT h nojiHxpoH3aM (oji 
CBeTJio *yTe jio C B eT Jio  MpKe 6 o j e ) .  n p n  K0H0CK0ncK0M nocMaTpaiby noKa3yje jia j e  
jej^HoocaH—HeraTHBaH.



PeH^reHCKa aHaj»i3a

PeHjjreHCKH jin ja rp a M  n p ax a  M0 H0 MHHepajiH0 r  K onuciripaT a TypMajiHHa ca;ip>Kao 
je y3 TypMajiHHCKe pc(|)jicKc[ije h  HeKOJiHKO pe^JieKCHja xjiopHTa. YKynHo 25 pec|)jieK- 
cn ja HHijHHHpaHO je  Ha 6 a 3H xeKcaroHajiHe jejjHHHHiie h e jin je  TypMajiHHa. KopncTehn 
nojiaTK e H3 ASTM jjaTOTeKe, KapTHHa 6poj (14-76) 3a noneTHe BpejiHocTH, ejieMeH- 
TapHa h e jin ja  TypMajiHHa ca  B o 6 o jio m a yTaTm ,eH a je  npHMeHOM nporpaM a LSUCRIPC 
(Garvey,  1986). M ^pan^H aTe jiHMeH3Hje ejieMeHTapHe h e jin je  H3iioce:

a0=15.961 (3) A, c0=7.166 (2) A, V0=1572.3221 (3) A3.
I lo jjann  peiijireiicKe aHajiH3e  cyMHpaHH cy Ha Ta6ejiH 1 .

Tadejia 1. HHHHiiHpaH nnjarpaM  npaxa TypMajiHHa Ha xeKcaroHajmy peuieTKy 
Tahle 1. X ray povvder d iagram  o f h exagonal tou rm aline  u n it cell.

2  e dcale ôbs I (hkl)

1 . 13.90 6.3587 6.3508 16 ( 1 0 1 )
2 . 17.85 4 .9677 4 .9648 15 (0 2 1 )
3. 19.30 4 .5946 4.5950 6 (300)
4. 2 1 . 1 0 4 .2140 4.2069 2 0 (2 1 1 )
5. 22.30 3.9791 3.9831 60 (2 2 0 )
6 . 25.65 3.4681 3.4700 30 (0 1 2 )
7 26.40 3.3731 3.3731 4 (131)
8 . 29.70 3.0079 3.0054 5 (410)
9. 30.20 2.9524 2.9568 47 ( 1 2 2 )

1 0 . 30.85 2.8931 2.8959 2 (321)
1 1 . 34.20 2.6144 2.6195 6 (312)
1 2 . 38.45 2.3399 2.3392 8 (511)
13. 41.30 2.1850 2.1841 3 (502)
14. 41.80 2.1606 2.1591 3 (431)
15. 42 .65 2 .1196 2.1181 1 2 (303)
16. 44.15 2.0482 2.0495 7 (223)
17. 44.40 2.0368 2 .0386 2 0 (152)
18. 44 .90 2.0175 2.0170 2 (161)
19. 47.40 1.9152 1.9163 15 (342)
2 0 . 48 .65 1.8707 1.8699 2 (413)
2 1 . 49 .30 1.8469 1.8468 3 (621)
2 2 . 51 .40 1.7768 1.7762 5 (104)
23. 55.48 1.6559 1.6548 11 (603)
24. 57.90 1.5916 1.5913 26 (550)
25. 61.60 1.5039 1.5043 10 (820)

IlapaMeTpH eJieMcirrapHe hejnijc TypManHHa ca Bo6ojioma, npeHeuieHH Ha jHijai paM 
E p r e c h t - a  (1953) (Holga te ,  1977) ojjCTynajy ojt napaM eTapa eJieMeHTapHHX hejin ja  
H30M0pcjjHHX cMenia inepjiHT—flpaBHT h eji6aHT-inepjiHT.

XeMiijcKa npo\'iaitaii.a

3 a  o j i p e j i 6 y  x e M H jc K o r  c a c T a B a  H 3 /iB ()jc ii j e  J v p M a j i im  H3 h c t o t  j j e j i a  c T e H e  0 3  K o je  

je HanpaBJBen neTporpacjjcKH npenapaT.



X e M ii jc K ii  c a c T a B  T y p M a ji i iH a  c a  B o S o j i o m a  ( T a S e j i a  2) n p e p a n y H a T  j e  Ha 6a3H 
31 (0 ). K p H c rra j io x e M H jc K a  n s p a 'i v n a B a H ja  H3 B p m e H a  c y  n o M o h y  n p o r p a M a  MINFILE. 

K p n c T a J io x e M H jc K a  ( J )o p M y jia  T y p M aJiH H a  B o 6 o j i o m :

(N‘*OD9̂ 0D2̂ -'a0.17̂ 0.72)o28(Al<)9.)Mgi3gFe 002F® 0,5Ti0,~M^m)3Altl(BO3)?(SiM)?Al0,7)6O 18(O H ),|,
OBaKaB c a c T a B  TypMaJiHHa yKa3yje ; i a  c e  p a ; in  o a jiK ajiH O -flec fin u iiT H O M  TH ny. X eM H j- 

cK a B a p n ja 6 H JiH ocT  iy p M a jn iH a  k o j i  a jm aJiH O  j ic ( |} m h h th h x  T iin o B a  (m e p jiH T  h jipaBirr), p e -  

3yjiTaT je  cyncTH'iyrjHje R f+R2+=R3++D(3a). OBa cyncTHTyu;Hja jjaje 'iB p c i 'e  pacTBope ry p M ajiH - 

H a K o jn  n jiy  j io  T e o p n jc K H  aJiKaJiHO cjio6ojihhx T yp M ajiH H a □(R22+R3+)R63+(B03)?Si60 ls(0H)4 
(Foit and R o s e n b e r g ,  1977).
Ta6e.ua 2. XeMHjcKa aHajiH3a TypMajiHHa ca npepaMyH0M Ha 6a3H 31 (O)
Table 2. Chemical compositions on the basis 31 (O).

oKCHflH (oxides) % KaTjoHH (cations)
SiO, 31.82 Na 0.092
TiO, 1.30 Ca 0.173
A1,0, 42.87 K 0.016
F e,0 , 0.20 0.719
FeO 3.37 (0.28)
CaO 1.02 A1 okt. 0.99
MfiO 5.88 m « 1.385
MnO 0.04 Fe2* 0.024
N a,0 0.30 Fe3* 0.445
K ,0 0.08 Ti 0.155
B ,0 . 8.90 Mn 0.005
H ,0 3.90 (3)
BJiara (m oisture) 0.34 A1 tet. 6.00
y K y m o  ( t o t a l ) 100.02 B tet. 3

(31
Si tet. 5.029
A1 0.97

(6)
OH 4.112
O 18

JJecJjimHT ajiKajiHHX KaijoHa (Na h Ca), Moace ce ojjpasinn Ha cipyKTypy noBehaibeM n inp ir 
roHajiHocra h j^HCTop3Hje 'i'e'ipaejiapa Kojn ca'imi,aBajy niec'Rt'uiane npcTCHOBe (F o i t , 1989).

CneKTpoxeMHjcKa aHaJiH3a obot TypMajiHHa o 6yxBaTHJia je vkviiiio 33 MHKpoejie- 
MeHTa npn 'icmv je cajip>i<aj jteTeKTOBaHHX eneMeHaTa jtaT y Ta6ejiH 3 .

Ta6ejia 3. CneKTpoxeMHjcKa aHajiH3a TypMajiHHa.
Table 3. Spectrochemical analysis of toumialine.

e jic M e H T  ( e l e m e n t ) Mn Ga V Y Zr Ni Sc Cr La Sr
(ppm) 480 7 900 60 120 700 40 1000 500 300

OIlllITH yCJIOBH 0B P A 30B A IbA  HCIIMTHBAHOr TyPIVIA.IIHIIA

TypMajiHH je Bpjio 'iecr aKii;ecopHii MHHepaji. PejtoBHO je npHcyTaH y nerMaTHTHMa, 
cejmMenTHHM CTeHaMa, Kao xeMiijcKH h  M ex aiu i'iK H  pe3HCTeHTaH T eirnai MHHepaji, a iiM a 
ra h  y BehHHH MCTaMopcjnrra HacTajinx npeo6pa*ajeM noMeHyTHx cTeHa.



A1

Cn. 2. A l - F e ( u k . ) - M g  (M oneKyjicKH o h h o c h )  3a TypM ajiHHe H3 pa3Jim HTHX  THnoBa CTeHa. 1. L i-6orara rpaH HTCKH 

n e rM aT H T H  h  a iu iH T H , 2. L i-C H poM auiH H  rpaH H T O H flH  h  ca  H>HMa acouH paH H  nerM aT H T H  h  aru iH T H , 3. Fe"'+- 6 o r a T e  
K Bapu TypM a.nH HCKe creH e(xH jtp0T epM a.nH 0 anT epncaH H  rpaH H T n), 4. M eT anejiH T H  h  M eT ancaM H T H  

K o er3 H creH T H H  y  (jsa3H A1 3acH h eH > a, 5. M eTaneJiH TH  H MeTancaMHTH HeKoer3HcreHTHH y  cfia3H A1 3acH heH > a. 6. 
F e '+- 6 o r a T e  K B a p u  TypMajiHHCKe c r e H e ,  KaJiK CHJiHKaTHe c re H e  H M eT aneJiH T H , 7. C jia 6 o  Ca M eT ay jiT p aM a(|)H T H  

H Cr H V 6 o raT H  MeTaeejiHMeHTH h  8. M eT aK ap6oH aT H  h  M eTaraipoKceHHTH.

Fig. 2. Al-Fe(tot)-Mg diagi-am(m moleculai' propoitions) for toumialines from vaiious rock types. 1. Li-rich 
granitoid pegmatites and aplites, 2. Li-poor granitoids and their associated pegmatites and aplites, 3. 
Fe^-rich quartz-toumialine rock (hydrotemia]ly altered granites), 4. Metapelites and metapsammites 
coexisting with an Al-satiu-ating phase, 5. Metapelites and metapsammites not coexisting with an 
Al-satuiating phase, 6. Fe '-rich  quaitz-touimaline rock, calc silicate rocks and metapelites, 7. Low-Ca 
metaultramafics and Cr, V-rich metasediments and 8. Metacarbonates and meta-pyroxenites

Ca

Fe(tot) Mg
Cji. 3. Ca-Fe(uk.)-M g (M O JieK y jicK H  o h h o c h )  3 a  T y p M a J iH H e  H3 p a3 jiH 'iH T H X  T H n o B a  c r e H a .  1 . L i - 6 o r a T H  rpa- 

HHTCKH n e rM a T H T H  H anJlHTH. 2. Li-CHpOMaaiHH rpaHHTOMIlH H ca H>HM3 aCOUHpaHH nei MHTHTH H an;iHTll. 
3. C a - 6 oraTH M C T a n e jiH T H . M e T a n ca M H T H  h  K ajiK  cH JiH K aT H e c r e H e ,  4. C a - c n p o M a m H H  M e T a n e jiH T H , M d a -  
ncaMHTH h KBapu—TypMa.TiHHCKe creH e, 5. MeTaKapSoHaTH h  6 . MeTayjiTpaMacJ)HTH.

Fig. 3. Ca-Fe(tot)-Mg diagiam (in molecular proportions) for tourmalines from various rock types. 1. Li-rich 
gl'anitoid pegniatites and aplites, 2. Li-poor granitoids and associated ijegmadtes and aplites, 3. Ca-rich 
meta]3elites, metapsammites, and calc-silicate rocks, 4. Ca-poor nietapelites, metapsammites, and 
quartz-tonmialine rock. 5. Metacarbonates and 6. Metaultramafitics.



Henry and Guidott i  (1985) noKa3ajm c y  /ja TypMaJiHHH H3 pa3JiHHHTHX THnoBa 
CTeHa HMajy pasjiHHHTe M O JieK y jicK e  Al-Fe-M g h  Ca-Fe-M g o j u i o c e ,  kojh M o r y  n o c j i y -  

> k h t h  K a o  neTporeHeTCH n n j i i iK a 'i ’o p .

KopncTehn H>HXOBe ^HjarpaMe (cjiHKe 2 h 3), 3aKJbyTiyjeMO ĵ a HcnHTHBaHH TypMa- 
jihh iipuiia/ia no/ipv'ijv MeTaneJiHTa HacTajiHX y cjiasn A1 -  3acHheH>a.

3 AK.IbyHAK

TypMaJIHH H3 /IHCTCIICKO KOpVH/ICKOI IlIKpiIJbHa JIOKaJIHOCTH BOSOJIOUI, nO CBOM 
cacTaBy ne npnna/ta thiih'iiihm HsoMopijjiiHM cMeuiaMa inepjiHT-/ipaBHT, hjih eJi6aiiT- 
-mepjiHT, Beh ajiKajiHO /jecJ)HijHTHOM TypMajiHHy, npn ieMy je 0.72 cjio6ojhihx BaKaH- 
Hiija y ajiKajmoM noJio»cajy. ripn tom 3a-CTpyKTypHe no3Hu;Hje, o/j(hocho ajiKajiHa Mec- 
Ta y cjiyiajy 0B0r TypMajiHHa OKynnpaHa cy ca (Na009K0()2Cau r/n ()72).

I le/iocT3TaK ajiKajiHiix KaijoHa ycjioBno je npoMeHy liejin'iiiHe ejieMeHTapHe hejinje, 
t 3ko jia ce napaMerrpii HcnHTHBaHor TypMajiHHa He yKJianajy y 3aBHCHOCT napaMeTapa oji 
xeMiijcKor cacTaBa koji H30M0pr|jiiiix cMeiua uiepjiHT-jipaBHT h eJi6aHT-uiepjuiT.

I I p H K a 3  A l - 6 o r a T o r  T y p M a jiH H a  (o j ie H H T a )  H3 nerMaTHTa / ( a j in  c y  y  c b o m  p a j jy  

C o k o j i o b  ii j j p .  (1986). Il,H T H paH H  T y p M ajiH H  n p i m a j j a  c e p n jH  ajiKajiHO jtec[)Hi(HTHHx 
T y p M a jiH H a  HaKO H M a noBehaH ca jtp > K a j Li ( o h  36or CBoje B e jiH iH H e  H e 3ay3HMa 3a, Beh 
r e  r p a e j ie p c K V  n o 3H H ,H jy ).

Foit (1989) CMaTpa ĵ a j e  R 3+c y n c T H T y e H T  -  A1 h  a H JiaH O B e O Be c e p n j e  rrpe6a Tpa- 
5KHTH y  o h h m  Jie» c iiiU T H M a y  K o jiiM a  c e  rry p M a jiH H  j a B J t a  c a  M H H ep a jiH M a 6 o r a  ruM a j iy -  
MHHHjyMOM.

T aK O  HHje c j i v ' i a j n o c r  j ia  T ypM ajiH H  c a  B o 6 o J i o m a  c i i a j i a  M ef)y  'UianoBe c a  H ajB eh iiM  

/(ecfiiiuin’OM a jiK a jiH iix  K a i j o n a ,  a  j a i u u a  c e  y CTeHii c a  A1 6 o ra T H M  M H H epajiH M a -  KopyH/ioM 
H /IHCTeHOM.

O B a  p e ^ a  B p c rr a  aJ iK ajiH O  flec jiH H H T H or T y p M a jiH H a  n o  o n m T H M  y c jio B iiM a  o 6 p a s o -  

B a u a  y  n p H c y T i io j  M H H e p a jm o j a c o u H ja u n jH  B e p o B aT H O  j e  H a c T a j ia  y  n p o n ,e c y  M erra M o p -  
cj)H3M a n e j iH T a .
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ALKALI-DEFICIENT TOURMALINE FROM KYANITE-CORUNDUM  
SCHIST OF BOBOLOŠ -  BRZA PALANKA (EASTERN SERBIA)

by

Suzana Erić*,  M ihov i l  Logar* and Dan i lo  Babič*

Toumialine from kyanite-corundum schist of Bobološ belongs to the rare kind of alkali deficient 
tourmaline with crystalochemical fomiula:

(Na009K0c2Ca0 pOo^o^g^Alo^Mgi 3gFe 0.02^  0 4 5rr*0 .i5^ n0 .0 i)3Al6(BO3)3(Si503Al097)6O1g(OH)4 n 
and unit cell dimensions: a„= 15.961 (3) A, c  =7.166 (2) A, Vc=1572.3221 (3) A3.

From the relation of A l-F e -M g  and C a-F e-M g  (H enry  an d  G u i d o t t i ,  1985) as petrogenetic 
indicator, association kyanite + toumialine + corundum + mtile + sericite + quartz was formed by meta- 
morphosis of aluminium rich pelites.

Key vvords: toumialine, alkali-deficient, Bobološ, Serbia

INTRODUCTION

In kyanite—corundum schist of Bobološ near Brza Palanka, besides kyanite, corun- 
dum and rutile, tourmaline was also found.

Relatively rare data exist about tourmaline, especially conceming chemism and size 
of unit cell. The most of available data refers to tourmalines connected to granitoide mas- 
sifs and pegmatites. Still U ro š e v ić  (1900) have mentioned tourmaline in the vicinity of 
Vranje. then (1908) tourmalines in metamorphites of Gobelje, Suvo Rudište, Suva Ruda 
and village Boće, but without detailed analyses.

Tourmaline was noticed in all pegmatites of Yugoslavia. In his doctorate dissertation, 
N ik o l i ć  (1963) has presented spectrochemical analyses of all tourmalines from pegmati- 
tes of the Fomier Yugoslavia territory and XRD analysed tourmalines of Pelagonija 
(pegmatites of Drenovac and Babuna).

On the basis of crystal lattice parameters, through the Epprecht's diagram, Dang ić  
et a l . (1994) determined tourmalines of Golijska reka as dravite—schorls, and tourmalines 
of Radulovac as dravites.

University of Belgrade, Facylty of Mining and Geology, Djućina 7, 11000 Belgrade.



The aim of this paper is mineralogical đetermination of tourmalines from kyani- 
te—corundum schists of Bobološ.

GEOGRAPHICAL POSITION AND GEOLOGICAL CHARACTERISTICS
Ol SURROUNDING ROCKS

Kyanite—corundum schist with tourmaline is found on the hill Bobološ. above 
Urovica in the Dunavski ključ area, about 20 km to the west of Brza Palanka (Fig. 1; af- 
ter l l ić .  1992).

By the means of structural geology, the area with occurrences of kyanite—corundum 
schists belongs to Gethian nappe, which, like belt 40 km long and 3—8 km wide. spreads 
from Tekija to the south. It is built of Proterozoic metamorphic rocks -  gneisses. mica 
schists and amphibolites (the kyanite—corundum schists with tourmaline are found as a 
blocks in these metamorphites in Bobološ area), Palaeozoic granites, serpentinites, green- 
schists and sedimentary rocks Middle and Upper Jurassic in age. According to B ogda-  
nović  and Rak ić  (1980), during the Laramian phase this complex of rocks was over- 
thrusted upon autochthonous Palaeozoic rocks. Hercynian granites. Jurassic and Cretace- 
ous sedimentary and volcanic rocks.

MINERAL ASSOCIATION

Kyanite—corundum schist is grayish—blue in colour; it has large grains and porphyroblas- 
tic texture. It has clear intenveaved prismatic liglit blue kyanites, gray parts of corundum and 
dark prismatic grains of tourmaline. which form aggregates large up to 4x3 cm.

Beside these minerals, insignificant amounts of quartz, secondary chlorite, sericite 
and accessory rutile are present.

Kyanite is dominant mineral in this rock, and it appears as euhedral and subhedral 
grains, large up to 1.5x2 cm. In association with corundum it makes coarse grained 
ground mass of the rock. Some grains of this mineral are sericitized.

Corundum appears as irregular, pseudolamelar grains large up to 7 mm. In examined. 
bottom part of the outcrop, this mineral is less abundant than the others.

ANALYTICAL PROCEDURES

Examined tourmaline was separated and purified by hand, and in that way monomin- 
eral concentrate was obtained with just insignificant amount of tiny kyanite inclusions that 
vvere impossible to remove.

The examinations were: optical studies, X —ray diffraction analysis and detenninallon 
of the chemical compositions of tourmalines.

X—ray powder diffraction pattem vvere obtained vvith Philips PW 1050 using Ni filtered 
CuK a radiation (A, = 1.54178 A) and scanning speed of 1° 20/min.

The chemical composition was obtained by the means of classical chemical (silicate) 
analysis. Major elements were determined by gravimetric analysis (S i02, A120 3, CaO,



MgO), colorimetric analysis (Fe20 3, TiOz, MnO), flame photometry (Na20 ,  K20 ), volu- 
metric analysis (FeO) and distillation (B20 3).

Trace elements were determined by spectrochemical analysis carried out on the spectro- 
graph with large dispersion, type Hilger E—478, within the spectrum from 2700-5000 A, as 
well as on the STE—1 spectrograph within spectrum range from 6000—9000 A. Excitation of 
the sample was performed in one—way arc, and the current of 8A. As intemal standards ger- 
manium and palladium were used. Absolute error of trace element analysis was ±15—20%.

THE RESULTS OF EXAMINATIONS

Tourmaline grains are subhedral, large up to 0.8X0.6 cm. Fractures filled with secondary 
minerals — sericite, chlorite and quartz -  are common. Inclusions of kyanite (with sericitized 
rims), as well as tiny rutile grains, can be seen in tourmaline. Kyanite inclusions are large up 
to 2x1 mm. Rutile inclusions are much smaller -  up to 0.4 mm in diameter. In some tourma- 
line grains zonality and pleochroism (from light yellow to light brown colour) can be seen. 
Conoscopic observations showed that this mineral was uniaxial — negative.

X -ray analysis

The X -ray powder diagram of monomineral concentration of tourmaline contained, beside 
toumialine reflection. a few chlorite reflections. Totally 25 reflections were indicated on the 
basis of hexagonaf tourmafine unit cell. For the initial values we used data from the ASTM 
files, card N° 14—76, and the unit cell of tourmafine of Bobološ was corrected by using a 
LSUCRfPC program (Garvey,  1986). Calculated dimensions of unit cell are:

aD= 15.961 (3) A, cD= 7.166 (2) A, VG= 1572.3221 (3) A3.
The X—ray analysis data are presented in Table 1.
The toumialine of Bobološ unit cell parameters plotted on the Eprecht's diagram 

from 1953 (after H o lg a te ,  1977) differs from the unit cell parameters of isomorphous 
series schorl-dravite and elbaite—schorl.

Chemical examinations

For determination of the chemical composition, tourmaline was separated from the 
same part of the rock from which the thin section was made.

Chemical composition of tourmaline of Bobološ (Table 2) was calculated on the ba- 
sis of 3f O. Crystallochemical calculations were made by using MINEILE program.

Crystallochemical formula of tourmaline of Bobološ is:

(NaOMK0fl2Ca0]7[Il072)o28(Al0jWMgi38Fe 002Fe' g ^ T i^ s M n f lf l^ A l^ B O j^ S i^ A Io g ^ O j^ O ) ,,,,

Such composition of tourmaline indicates that it is alkali deficient type. Chemical 
variability of alkali deficient toumialine type (schorl and dravite) is the result of substitution 
R+-t-R2+=R3++D(3a). This substitution gives tourmaline sofid solutions that go to the theoretically 
alkali free toumialines □ (R 22+R3+)R63+(B03)3Si60 18(0H)4 (Foit and R o s en b e r g ,  1977).



The alkali cation (Na, Ca) deficit, can influence the structure by increasing ditrigonality 
and distortion of tetrahedra which are constituents of six-membered rings (Foi t ,  1989).

Spectrochemical analysis of this tourmaline includes 33 trace elements, and it is 
given in Table 3.

GENERAL CONDITIONS OF FORMATION OF TOURMALINE

Tourmaline is very common accessory mineral. It is nomially present in pegmatites and 
sedimentary rocks as chemically and mechanically resistant heavy mineral. It can also be found 
in the most metamorphic rocks formed by metamorphosis of above mentioned rocks.

Henry  and G u ido t t i  (1985) showed that tourmalines from various rock types have 
different Al—F e-M g and C a-F e-M g  molecular ratios, which can be used as petrogenetic 
indicator.

From their diagrams (Fig. 2. and 3.) it can be seen that the examined tourmaline be- 
longs to the field of metapelites formed in the Al—saturation phase.

CONCLUSION

Toumialine from kyanite—corundum schists of Bobološ, according to their composi- 
tion do not belong to typical isomorphous series schorl-dravite or elbaite-schorl. but to 
the alkali deficient tourmaline with 0.72 free vacancies in the alkali positions. The 
3a—structural positions. or in the case of this toumialine -  alkali places, are occupied 
with (Na009K„02Ca017D 072).

Lack of alkali cations caused the change of unit cell size, so its parameters can not fit in 
mineral dependence on isiomorphous series schorl—dravite and elbaite-schorl parameters.

Tourmaline (olenite) with a composition closely approaching alkali — deficient series 
has been recently reported by Sokolov et al. (1989). By Foit (1989) the principle R3+ 
sub— stituent is Al. search for the alkali -  deficient end—member has focused on deposits 
where tourmaline coexists with A1 rich minerals.

Tourmaline from Bobološ belong to end — member alkali — deficient series it ap- 
pears in rocks with A1 -  rich minerals -  corundum and kyanite.

This rare kind of alkali deficient toumialine, according to common forming conditi- 
ons of present mineral association. was probably fomied in the process of metamorphism 
of pelites.

Translated by authors
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